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SYSTEM AND METHOD FOR
CONTACTLESS MONITORING OF CO2 IN
NEONATALS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent

Application Ser. No. 62/792,438 filed Jan. 15, 2019, the
entire contents of which are incorporated herein by refer-
ence.

FIELD

The present invention 1s 1n the field of patient monitoring,
in particular, monitoring of respiratory gases in neonatals.

BACKGROUND

It 1s common for many babies (also referred herein as
neonatals), either having been prematurely born or having
otherwise medical problems or conditions to be put under
observation immediately or soon after birth. This 1s most
commonly performed by placing the neonatal within an
incubator or other 1solated space, allowing to keep the baby
under monitored conditions while receiving any desired
treatment.

While 1n the incubator, the neonatal 1s subject to tests and
its conditions are constantly momitored, as well as a variety
of medical parameters such as blood pressure, blood satu-
ration levels, respiratory functions etc.

It 1s also known to monitor CO, levels 1n neonatals using
a variety of devices such as masks, nasal prongs and the like.

Acknowledgement of the above references herein 1s not to
be inferred as meaning that these are 1n any way relevant to
the patentability of the presently disclosed subject matter.

SUMMARY

In accordance with one aspect of this disclosure there 1s
provided a system for contactless monitoring of gas levels
within an 1ncubator, the system comprising at least one gas
sampling line having a proximal end exposed to the internal
space of the mcubator, and a distal end associated with a
monitoring unit for receiving a gas sample obtained from the
incubator via the proximal end.

In particular, the system can be configured for monitoring,
levels of respiratory gases of a neonatal located within the
incubator, without the need to fit the neonatal with a mask,
tube or any other mountable/wearable device. In accordance
with a specific example, one of said respiratory gases may
be CO.,.

The proximal end of the channel may be exposed to the
internal space of the incubator and located within the
incubator at a location reducing the likelihood of the proxi-
mal end being blocked either by the neonatal or by any
equipment and/or objects within the incubator.

In addition, the system may comprise a plurality of
sampling channels having their respective proximal ends
arranged 1n different locations within the incubator, and
configured for obtaining gas samples from different loca-
tions within the incubator.

Under the above arrangement, the distal ends of the
channels may be connected by any one of the following
configurations:

a. each distal end 1s connected to an independent moni-
toring unit;
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2

b. two or more distal ends may be connected to the same
monitoring unit; and

c. any combination of (a) and (b).

When two or more of the distal ends are connected to the
same monitoring unit, the monitoring unit may be fitted with
a multi-channel processor configured for obtaining samples
from a plurality of channels and analyzing them together to
output a combined result.

In accordance with a particular example of the present
invention, the system can comprise a plurality of sampling
channels passing through a mattress located within the
incubator and having their proximal openings exposed to the
internal space of the incubator at the elevation level of the
neonatal. In particular, 1t was shown that monitoring CO,
levels at the elevation level of the infant (e.g. 1n close
proximity to the surface/mattress on which the neonatal 1s
positioned) yields signmificantly better results than in other
heights within the incubator.

In addition, the arrangement may include spreading the
proximal openings of the sampling channels across an area
of the mattress of the incubator, thereby forming a sampling
array. The sampling array may be particularly beneficial
since the neonatal keeps moving and displacing within the
incubator during 1ts stay there. The sampling array thus
clegantly provides a solution for uniform monitoring of
CO,, regardless of the location of the neonatal’s head (and
particularly mouth).

When using a sampling array, the system may be cali-
brated to identily the location from which sampling port
cach of the gas samples 1s obtained, thereby allowing 1t to
form a special/areal map of the CO, samples and sample
gradients, allowing to more accurately analyze and monitor
said samples.

In addition, implementing a sampling array within the
incubator also allows continuous sampling, even when some
of the proximal openings of the array are blocked by the
neonatal or by other equipment positioned within the incu-
bator.

In accordance with a particular arrangement, the array
may be distributed circumierentially around the approxi-
mated position of the head of the neonatal when placed on
the support surtface. Moreover, since neonatals, especially
ones placed in incubators, are relatively immobile, the array
may also have visual markings configured for indicating to
the medical stafl where to position the neonatal. For
example, the array may be distributed 1n a circle-like man-
ner, or a part thereof, and the head of the neonatal should be
placed at the center of said circle. Thus, the array can be
configured for obtaiming samples on all sides of the neona-
tal’s head.

In accordance with another example of the subject matter
of the present application the system may comprise a
support surface installed above the bottom of the incubator,
the support surface configured for functioning as a mattress
for the neonatal.

The support surface may be elevated above the bottom of
the incubator forming a space suflicient for placing moni-
toring equipment. In addition, the support surface may be
perforated (e.g. a net), allowing sampling of CO, there-
through, without the need for forming holes/channels 1n a
mattress of the incubator.

In accordance with another aspect of the subject matter of
the present application, there 1s provided a mattress config-
ured for receiving therethrough a plurality of sampling
channels of the monitoring system of the first aspect of the
present application.
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In accordance with yet another aspect of the present
application, there 1s provided a method for retrofitting an
incubator with the monitoring system of the first aspect of
the invention, said method comprising the steps of:

forming one or more apertures within a mattress or wall
of the incubator;

passing one or more sampling channels through said one
or more apertures such that the proximal end 1s located at the
level of the mattress; and

connecting the distal end of the sampling channel to a
monitoring unit configured for monitoring CO, levels.

Under the above aspect of the present invention, any
neonatal incubator may be fitted with the monitoring system,
allowing for more eflicient monitoring in neonatals, which
requiring no significant modifications to the mcubator.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to better understand the subject matter that 1s
disclosed herein and to exemplity how 1t may be carried out
in practice, embodiments will now be described, by way of
non-limiting example only, with reference to the accompa-
nying drawings, in which:

FIG. 1A 1s a schematic 1sometric view ol an incubator
mattress fitted with a sampling system according to the
present mvention;

FIG. 1B 1s a schematic 1sometric view of the mattress
shown in FIG. 1A, with a reference to the head of a neonatal
to be positioned on the mattress;

FIG. 1C 1s a schematic view of the momitoring system
shown 1n FIGS. 1A and 1B;:

FI1G. 2 1s a schematic top view of a mattress similar to that
shown 1n FIG. 2B, showing the spread of sampling points;

FIG. 3 1s a schematic isometric view of an incubator
mattress comprising a monitoring system according to
another example of the present invention, with a reference to
the head of a neonatal to be positioned on the mattress;

FIG. 4 1s a schematic 1sometric view of an incubator and
sampling system according to another example of the pres-
ent 1nvention; and

FIG. 5 1s a schematic 1sometric view of an incubator and
sampling system according to another example of the pres-
ent 1nvention.

It will be appreciated that for simplicity and clarity of
illustration, elements shown 1n the figures have not neces-
sarily been drawn accurately or to scale. For example, the
dimensions of some of the elements may be exaggerated
relative to other elements for clarity, or several physical
components may be included i one functional block or
clement. Further, where considered appropriate, reference
numerals may be repeated among the figures to indicate
corresponding or analogous elements.

DETAILED DESCRIPTION

Attention 1s first drawn to FIGS. 1A and 1C, 1n which an
incubator mattress 1s shown, generally designated M and
configured for being placed within an incubator. The mat-
tress M a sampling system generally designated 1 and
comprising a sampling arrangement 10 and a monitoring
unit 30. The sampling arrangement 10 comprises a plurality
of sampling channels 20, each constituted by a tube 22
having a proximal end 24 configured for obtaining a sample,
and a distal end 26 associated with the momtoring umt 30
and configured for delivering the obtained sample thereto.
The tubes 22 pass through corresponding cavities 1n the
mattress M.
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The monitoring unit 30 comprises a housing 32 with a
plurality of ports 35, the housing 32 accommodating therein
a power source 34, a processor 36 and a display 38. It should
be noted that in some examples (not shown), the monitoring
device may be comnected to an external power source

(electricity) and thus may not require an internal power
source.

With additional attention being drawn to FIG. 1B, the
mattress M 1s shown comprising a plurality of channel
cavities C formed therein and configured for accommodat-
ing therethrough a corresponding plurality of the sampling
tubes 20. The channels C are formed within the mattress
having a proximal end CP open to the top surface of the
mattress M on which the infant 1s to be positioned, and a
distal end CD, allowing the tubes 20 to connect to the ports
35 of the monitoring device 30.

It 1s noted that the proximal ends CP 1n the mattress form
an array surrounding locations at which the head of the
infant 1s expected to be positioned during his stay within the
incubator, thereby ensuring proper measurement of the
infant’s breath while lying on the mattress, regardless of his
position.

Measurements taken by the different sampling points can
be used to form a gradient map of the respiratory gasses
around the head of the infant, thereby allowing achieving a
more precise reading.

With additional reference being made to FIG. 2, the
mattress M may have thereon an arca T marking to the
medical operator where to place the neonatal, this area T
including therein the sampling ports 24. It should be noted
that marking the area T (e.g. with a diflerent color, texture
etc.) visible to the medical operator provides a clear indi-
cation of the desired position of the neonatal, thereby
reducing the risk of the infant’s head obstructing any of the
sampling ports 24.

Turning now to FIG. 3, another example 1s shown 1n
which the mattress M' 1s shown to be formed with a cavity
CA configured for accommodating therein the monitoring
device 30, wherein the entire mattress M' constitutes a
self-contained monitoring system 1, which may be provided
as a single module to constitute and add-on to an existing
incubator.

With attention being drawn to FIG. 4, another example of
the present invention 1s shown 1n which the sampling ports
44 are formed 1n the wall of the incubator I, rather than in
the mattress 1tself. Under this arrangement, the sampling
ports 44 still form an array around the neonatal’s head but
are Iree of the risk of being obstructed and do not come into
contact with the neonatal at all.

It 1s noted that under this example as well, no channels are
required to be formed and the tubes 20 are simply passed
from the ports 44 directly to the monitoring device 30,

allowing contactless sampling of the air within the incubator
I.

Turning now to FIG. §, yet another example 1s shown 1n

which, instead of a mattress, a net N 1s provided within the
incubator I, elevated and suspended over a bottom surface 1,
of the incubator I, allowing the positioning of a monitoring
device 30 either between the net N and the bottom surface
I, (as shown) or even outside the incubator 1.
It 1s noted that under this example as well, no channels are
required to be formed and the tubes 20 are simply passed
through perforations 1n the net N, allowing sampling of the
air within the incubator therethrough.

It should be understood that various aspects disclosed
herein may be combined in different combinations than the
combinations specifically presented in the description and
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accompanying drawings. It should also be understood that,
depending on the example, certain acts or events of any of
the processes or methods described herein may be per-
formed 1n a different sequence, may be added, merged, or
left out altogether (e.g., all described acts or events may not
be necessary to carry out the techniques). In addition, while
certain aspects of this disclosure are described as being
performed by a single module or umit for purposes of clarity,
it should be understood that the techniques of this disclosure
may be performed by a combination of units or modules
associated with, for example, a medical device.

What 1s claimed 1s:

1. A system for contactless monitoring of gas levels within
an incubator for a neonate, the system comprising:

at least one gas sampling line having a proximal end

exposed to the internal space of the incubator and

a distal end associated with a monitoring unit for receiv-

ing a gas sample obtained from the incubator via the
proximal end;

wherein the system comprises a plurality of sampling

channels passing through a mattress located within the
incubator and having their proximal openings exposed
to the internal space of the incubator at an elevation
level of the neonate.

2. A system according to claim 1, wherein the system 1s
configured for monitoring levels of respiratory gases of the
neonate located within the incubator, without the need to fit
the neonate with a mask, tube or any other mountable/
wearable device.

3. A system according to claim 1, wherein said respiratory
gases include CO.,.

4. A system according to claim 1, wherein the proximal
end of the sampling line 1s located within the incubator at a
location, thereby reducing the likelihood of the proximal end
being blocked either by the neonate or by any equipment or
objects within the incubator.

5. A system according to claim 1, wherein the at least one
sampling line comprises a plurality of sampling channels
having their respective proximal ends arranged in diflerent
locations within the incubator, and configured for obtaining
gas samples from diflerent locations within the incubator.

6. A system according to claim 5, wherein the distal ends
of the channels are connected by one or both of:

cach distal end being connected to an independent moni-

toring unit; and

two or more distal ends being connected to a mutual

monitoring unit.

7. A system according to claim 6, wherein, when two or
more of the distal ends are connected to the same monitoring,
unit, the monitoring unit i1s fitted with a multi-channel
processor configured for obtaining samples from a plurality
of channels and analyzing them together to output a com-
bined result.

8. A system according to claim 1, wherein the system
comprises a support surface installed above the bottom of
the incubator, the support surtface configured for functioning,
as a mattress for the neonate.
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9. A system according to claim 8, wherein the support
surtace 1s elevated above the bottom of the incubator form-
ing a space suilicient for placing monitoring equipment.

10. A system according to claim 8, wherein the support
surface 1s perforated, allowing sampling of CO, there-
through, without the need for forming holes/channels 1n a
mattress of the incubator.

11. A method for retrofitting an incubator for a neonate
with the monitoring system of the first aspect of the mven-
tion, said method comprising:

forming one or more apertures within a mattress or wall

of the incubator;

passing one or more sampling channels through said one

or more apertures such that the proximal end is located
at the level of the mattress; and
connecting the distal end of the sampling channel to a
monitoring umt configured for monitoring CO, levels;

wherein the system comprises a plurality of sampling
channels passing through a mattress located within the
incubator and having their proximal openings exposed
to the internal space of the incubator at the elevation
level of the neonate.

12. A method according to claim 11, wherein the plurality
of sampling channels have their respective proximal ends
arranged 1n different locations within the incubator, and are
configured for obtaiming gas samples from different loca-
tions within the incubator, and wherein the distal ends of the
channels are connected one or both of: each distal end being
connected to an independent monitoring unit; and two or
more distal ends being connected to a mutual monitoring
unit.

13. A system for contactless monitoring of gas levels
within an mcubator, the system comprising:

at least one gas sampling line having a proximal end

exposed to the internal space of the incubator; and

a distal end associated with a monitoring unit for recerv-

ing a gas sample obtained from the incubator via the
proximal end,

wherein the arrangement includes spreading the proximal

openings of the sampling channels across an area of a
mattress of the incubator, thereby forming a sampling
array.

14. A system according to claim 13, wherein the system
1s calibrated to identily the location from which sampling
port each of the gas samples 1s obtained.

15. A system according to claim 14, wherein the moni-
toring unit 1s configured for forming a special/areal map of
the CO, samples and sample gradients.

16. A system according to claim 13, wherein the array 1s
distributed circumierentially around the approximated posi-
tion of the head of a neonate when placed on the support
surface.

17. A system according to claim 16, wherein the array
comprises visual markings configured for indicating to the
medical stall where to position the neonate.

18. A system according to claim 17, wherein the array 1s
configured for obtaining samples on all sides of the neo-

nate’s head.
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